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‘1’hc AVIRIS i n s t r u m e n t uses a 1) on borrrd
calibrri[ion  sys{cm 10 provide auxiliary calibration
data. ‘1’hc Systcnl consisls  of (Llll~StCll  hrrlogcn  c y c l e

l a m p  imagccl  o n t o  a f iber  buncllc  [bough  a n  e i g h t
position filter wheel. ‘1’hc f i b e r  bund]c i}lurninatcs
lhc brick s i d e  o f  Ihc foreoptics  shutlcr  d u r i n g  a
prc-run  and posl-run  c a l i b r a t i o n  scc]ucncc.  “1’hc
filter wheel contains 2 ncutrsrl density filters, S
spectral filters and blocked position. This paper
r e v i e w s  t h e  gmcral  w o r k i n g s  o f  t h e  onboard
calibrator Systcln and discusses rcccn[
modifications.

INTRO1)UCTION

AVIRIS is an airborne sensor which measures high
spa t i a l  r e so lu t ion  imrigc data of dlc car[b in 224
spectral  channels  in  four  spcc[romc[crs  (A, B, C.
ancl D) covering the rarrgc from 380 to 2500 nm.
‘1’hcsc data arc spatially, spectrally and
ractiomctrically cal ibrated (Vane, 1987, Chricn
1990, Chricn  1993 b). Modifications 10 AVII{IS  lhal
hrlvc resulted in subslrintirrl improvcrmcnts i n
signal-to-noise ralio, calibration accuracy an c1
o p e r a b i l i t y  o f  t h e  s e n s o r  (Chricn> 1991, Chricn
1 993a). V a l i d a t i o n  cxpcrimcnts  arc conctuclccl  [0
verify instrument pcrfornlancc ancl c a l i b r a t i o n
inflight (Circcn,  1 9 9 3 a ) .  Rcccnt moclifica[ions 1 0  t h e

onboard calibration systcm arc discus  scc].

CA IJ1IRA’1’1ON Rl~QUIIUHM1tNT

imaging spcctrome(crs ;irc usccl t o  m e a s u r e .  the
contiguous spectral s i gna tu r e  o f  t he  upwciiing
radiance rcflcc[cd  and emitted from (hc surface of
the cart}] rind its atmosphere. ‘1’hc il~formzi[ion
con(aincd  in this data is in general a non-linear
mixture of atmospheric molccul[ir absorption and
par[iclc scattering signrrturcs,  surt’ticc rcflcclcd
molecular absorption signatures and hidircctionrrl
rcflcctancc properties rr n d s o u r c e spcc[ral
characteristics such as solar spcclral  radia]lcc  and
surface tcmpcralurcs. ‘1’hc scientif ic  slucly of any
onc of these effects requires a scparatirrn of these
colnplcx  intcrac[ions.

“1’hc instrument ca l ib r a t i on  o f an imaging
spcc(romctcr removes a n additional (rind
unncccssary) complication t o the non-linear
unmixing problcm  discussed ahovc. In general, the
rcquircmcn[  for calibration accuracy is dc[crmincd
by lhC [olcrancc o f  unmixing a]gorit))n)s lo
rcsidua] calibration errors, I’his tolcrancc

clccrcascs  as [hc signal-to-noise ratio  of an imaging
spcc[rornctcr  incrcascs  in  order  to  avoid unmixing
th;it is instrument calibration error limitccl.

Rcccnt  improvcrncnts  in  both the s ignal- to-noise
ratio of the AVIRIS inslrurncnt and the unmixing
algorithms applied to AVIRIS data have prompted
[i rc-evaluation of its calibration rcquircmcrrts.  Of
primary interest arc irnprovcmcnts  to the current
instrument  radiornctric  accuracy of 5% absolute
find spectral accuracy of 1 to 2 nanometers.

ONIIOARI)  CA1.IIIRA’1’1ON S}7S’1’lHVI

I’criodic  improvements have been made 10 the
onboard  Calibration Systcm. In 1991 the onboard
ctilihrator  underwent a major mollification (Chricn,
1991) tha t  routcci l i g h t  i n t o  t h e  f o u r  AVJJ{lS
spectrometers  by i l luminat ing the back of  the
C1OSCC1 forcoptics  khuttcr. A color balmcc filter (2
m m  Schott  KG-2)  was  installcct  to provirtc  g o o d
detector response across the 224 spectral channels
of the sensor. An irnprovcd current stabiliz.cd  lamp
drive circuit was also installed. ‘1’hcsc c h a n g e s
greatly improved the utility of the on board
calibrator data 10 corrcc( for residual drif[s in the
radio mc[ric rcsprrnsc of (IIC  sensor.

];nd  of ]/1111 l)ark  ]lllii~CS

‘1’hc AVII{l S instrument now records 100 lines of
dark imagery at the cnd of each run of da~a. l’hc
f o r e - o p t i c s  ShLl[t  Cr is c]oscd during this time as it
i s  d u r i n g e n d - o f - l i n e  dark  mcasurcmcnts. It is
cxpcctcd  that [his clark image  wi l l  proviclc  a  data
Set on which t o  b a s e  cohcrcnt n o i s e  lCVC1
mcasurcmcn{s  ancl [o enab l e  t he  cons t ruc t i on  o f
cohcrcnt no i se  f i l t e r s  fo r  t he  da t a . A  h i g h
resolution counter (lIRC) has been added to the
cnginccring  tclcmclry  to nlcasurc  t h e  n u m b e r  o f
instrumcn[  clock cycles between successive Iincs
( w h i c h  vsirics  CIUC to rol l  correct ion) .  ~’hc h i g h
rcso]ution  counter  provides  a  way to  lime c o d e
dc(cctor  reacts from line to Iinc a n d  m a y  p r o v e
useful in filtering time ctcpcndcnt  noise sources.

Onhoard  C a l i b r a t i o n  I,rImp

Prior to the 1994 flight season the Ol\C  lamp was
rcplacccl with a 5000 hour rated Ii fctime bulb .
Unfor[unatc]y, cluring  the 1994 flight season the
onhoard calibrator cxpcricnccd and cxccssivc
numhcr  of lamp failures. l’bc first occurred just
hcforc shipping, AVIRIS  {o Ames.  ‘l”wo o t h e r
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fitilurcs  crccorrcd  doring  Ihc flight  s e a s o n .  ‘1’hcsc
frrilurcs occurrd at a  f r a c t i o n  of ~hc 5 0 0 0  h o u r  l i f e

of Ihc bulb. lJpon visoal i n s p e c t i o n ,  n o  fractorc  m
born -lhroogh o f  t h e  filamcnls  was visible,  and
itlrlccd, (I1c s econd  l amp  [hat failed in AVII{l S li~
right op in the lab.

‘1’hc failed bOlbS w e r e rctorned (0 the
manofactorcr  f o r  rrutopsy, ancl Ihc c ause  o f  Pdilurc
was foond to bc degradation of the pigtail -wire-lo-
Iamp-pin crimp-weld connections o w i n g  t o
corrosion. “J’hc corrosion arose f rom chemical
byproducts  f r o m  t h e  hca[ dcgrrrdation  o f  shrink
tubing  placed over !hc c r i m p - w e l d s  b e f o r e  t h e
l amp  was  po(led in i(s metal base. l’his c o r r o s i o n
causccl the wire-to-pin connections 10 rise in
r e s i s t a n c e  bcyood what  the (.)IIC  c:r)l]s[ztllt-cllrrc[ll
p o w e r  s u p p l y  could  handle  (owing to  a n  opper
~inli( o n  Ihc vo]tagc i t  w a s  a b l e  1 0  supply  10 Ihc
boltr and wire’s combination), and hcncc  the bolhs
failed 10 ]ighl, ‘J’hc ba]b inlcnsity  w a s  p r o b a b l y
onstable for some tirnc be fo re  t he  c r imp-we ld
resis tance’s  rose so far  as to prccloclc  the lamp
from lighting at all.

“J’hc corrosion explanation fit WC]] with the
observed lamp behavior before failure, ancl wi(h
lamp “ f i l a m e n t ”  r e s i s t a n c e  mcasorcmcnts  after
fai]llrC. ‘1’he  JSlallOfaCIOrW  oses lCf]OO  tobing f O r  all
( he i r  h ighe r -wa t t age  l amps ,  but for this 10 watt
1a mp typical electronic-cabling-variety shrink
tobing  w a s  oscd. ‘1’hcy  d i d  not forcscc  the l a m p
base gcttil]g very hot, bu( wc had taken steps to
make sore tha~ the lamp did get 10 at leas! 250
dcgrccs  C in  order  to  keep (IIC l a m p ’ s  inlcrnal
halogco  c y c l e  cffcctivc a n d  hcncc  max imize  Ihc
l i f e  and the  light ootpot s t a b i l i t y  o f  tbc bulb. ‘1’he

manufactorcr  h a s  f a b r i c a t e d  n c w  lamps f o r  t h e

AVIRIS C)lIC application which incorpora[c  (IIC high
Icmpcr[itorc  Iolcrant lcflon tobing around Ihc
crimp-wc]cls. W C  e x p e c t  lhcsc  to  sorvivc  our
nominal operating lcnlpcra(orc.

Also included in this year’s changes is [i coovcrsion
f r o m  a conslant-corrcnt  p o w e r  s u p p l y  I(} a
collstalll-ligIlt-otltpLlt  p o w e r Sllpply. Wc have
moontccl  a  s i l i c o n  pho[ocJiodc/anlp lificr hybrid
(Moclcl #/U11-1’-455)  01) thC tOIl O f  [hC ()]]~  ]aInp

hoosing. I“hc lamp filament is imaged onto (1)c
photodiodc  a c t i v e  a r e a  lhrough a 543nn1 nfirrow-
pass filter, ‘1’hc rcsol(iog s i g n a l  i s  fed back to (hc
l a m p  p o w e r  sopply  [o m a i n t a i n Conslfil][ ]igh(

ootpol from the bulb.

(Mrrcntly  an investigation of lamp stability over
opcra(ing  tcmpcralorc  i s onclcrway. llislorica J clala
s h o w s  t h a t  t h e  tcmpcratorc  intcroal  to the OIIC
remains bc[wccn 20° C and 30° (.; over the course
of a flight season. Narrow-banding the light hitting
t h e  clctcctor  m i n i m i z e s  t h e  cffccl  of the silici)n
pho[odiodc’s  spectrally c]cpcndcnt  rcsponsivity
drif t  with Icmpcratorc.

Sl)C!Cll<ill Ciilil)rrition F i l t e r s

l;oor ncw spcc~ral filters have been designed for
the on board calibration source filter wheel. “1’hc
f i l l e r  w h e e l  has b e e n  m o d i f i e d  t o  accommoda[c  t h e
addit ional  f i l ters .  ‘1’hc new fillers consist of a
13ircfringcnt material  sandwiched bctwccn  linear
polari~crs  to make a single stage I.yot f i l ter .  The
transmission of a lryot filter varies as the cosine
sqaarcrl of onc over the wavelength clcJ>encling, on
the filter rctardancc.  ‘1’hc four filters are designed
to have a period of approximately 20 nanornctcrs
al t he  shorl  w a v e l e n g t h  cnd o f  e a c h  AVIRIS
spcctromctcr. ‘1’his  insorcs  t h a t  t h e r e  w i l l  b c
sharply sloping spcc(ral fcatores  across the entire
0.4  10 2.5 pm spcc[rom.

‘J’hc  spcclrtil lransmitlancc  of the foor f i l ter  sets  is
shown in l~ig, orc 2, Mcasorcd data is shown for lhc
first three filters which cover the 0.4 to 1.9 ~rn
range, while the prcdictcd  performance is shown
for the fourth  1.7 to 2.5 pm filter. A tcmpcratore
sensor placed on [he filter wheel housing updates
the cnginccring, telemetry once pcr scconcl with a
0.3°C precision.

“J’hc data from the onboard calibrator is converted
to spectral  t ransmit tance by dividing the l.yot
minm  IJark f i l l e r  whcc]  s p e c t r a
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b y  (1IC IIigh n)inus l)ark spcc(ra.  “1’hc s h a r p l y
slopi])p, lrrinsmillal~cc  f e a t u r e s provide high
sensitivity 10 spectral shif(il~g  in flight, I’rcliminary
finalysis  s h o w s  [hal R 0.1 nm shifl i n  spcclrfil
response is  dclcc[ablc  using lhcsc fillers.
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